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This is a collection of data on the construction operation and 
performance of the two image dissector cameras. Some of this 
data is useful in deciding •whether certain shortcomings are 
significant for a given application and if so how to compensate 
for them. 


mTEOlrtiGTlOH: 


The r&llwoing is a collection of bits end pieces of 
information about the two image uiosector Cameraa attached, 
to the computers (FDP’-'o and Pi/P-lO) of the Artificial 
Intelligence Group ut Project juAC- most of this data 
concerns the 'new 1 ‘eye 1 end the video-proceasor which 
can he used to access noth 'eyes 1 t 

The new vidissector contains a F4Q10 tube manufactured 
by ITT industrial Laboratories (ITTIL). This tune has 
a diameter oi' C113 mm), a Length of 14«5 H (568 mm), 

a £-11 (Cs-tib) photocathude with a y (?b mm) useable 
diameter. The circular aperture has a diameter of . QC2 ,r 
(.05 mm) and the electron—multiplier Consists oi 14 
dynodee* The claimed resolution is 10 cycles (Line-pairs) 
per am et 50 % amplitude response, end 17 cycl«s/mm 
at 10 % amplitude response- The face-plate has a thickness 
of .125 11 (3.2 mm). 

The old vidissector contains a F4011 tube manufactured 
by ITTIL. It has a diameter of 1.5" (58 nun), a length 
of 8.2 1 ' (205 mm), a &-11 phot oca thode with a 1.1" (28 mm) 
useable diameter. The circular aperture has a diameter 
of *001" (.025 mm) and the electron-multiplier 1 consists 
of 10 dynodefl. The claimed resolution is 20 cycles/mm 
at 50 % amplitude response, and 54 cycles/mm at 1C % 
amplitude response. The face-piste ties a thicituees of 
-G80 M (2.0 mm). 

For further information on image dissectors saaj 

"SPECIAL HJfiFOSti VACUUM TUBcib" ITT In 
"APPLICATIONS NOTH iife, bhl.^Uh PROPHET ICS OF 
IMAGE DISSECTORS" ITTIL 
"TENTATIVE IATA - VILISSiCTOKB - ImaoH 
"bIGSSOTOR TYPE 14010 (or F40ll) f| ITTIL 
''HasmARCH itEUCiS 309, 536, 337 , 353, 3So ITTIL 


The video-processor »es supplied by Information Inter¬ 
national Inc* and ie described in; 

"OPJSRA'JilQN lUMbAL - lALfttfjfi DISSi-lCl'QR CAMERA £ fSTtiM 
III 

Further information about the use u£ uur rldeo 
processor can oe found in an appendix to: 

"FOCUfcilHij* 1 AZ tie mo 160 


EHJS lilYS: PRIflCIFLiid Of OPJSBATIOas 


Ths n.a iri component, of the eye is tne deject or 

CniD'ara (vidi£-sector for short)- It is an evacuated 
tube coated on one end with a substance that converts 
a certain fraction of incoming ohotons into electrons. 

By means of a large appiiod potential and an axis! 
magnetic field most of these electrons are imaged onto 
Sn aperture plate (soe fig 1 ). fhe electrons travailing 
th.rougn the aperture all come from a small area Oh 
the photocathode of yapronsImetrly the same slue as the 
aperture. These electrons now enter ai electron multiplier 
^here secondary amission produces a large number of 
new electrons as this sLrasm of electrons impinges 
succeaivdy on each 14 suitably coated dynodes * 

The current in the 13 converted to a voltage 

which is directly proportional to the ilLunjj.uat.ion 
failing on the small area an the photocathode aeluctacU 

With only the axial focusing field this small area 
is in the centre of the photocathode. Two perpendicular 
radial fields allow one do move the electron image 
around on the aperture plate thus selecting different 
areas of the image. Attached to this device is the 
video-processor which includes the interface with 
the computer. 

The complexity of Che video-processor is in large 
part due to two design objectives! 

1, Relative error in en intensity measuntient 
should be independent of the intensity. 

2 . The video-processor snould not waste time 
processing vary dark points. 


The main source of error in an intensity measurement 
is caused by quantisation - in ■si'leet we are counting 

electrons^ The only reason for not actually counting; 

.„h 

them is that they may arrive at a rote of up to 2 
per sec)* To obtain a relative error independent of 
intensity we must 'count * the suite number oi' electrons 
for each measurement* This then implies that dark points 
will require on inordinate amount of time for measurement* 
A mechanism must be provided for ignoring points darker 
than a given level at an early stage* The programmer 
has two parameters available to Control these two 
featuresi 

1* Signal to noise ratio* a parameter which 
may be 0, 1 T 2 or 5 indicating a relative 
error of 1/8, 1/16* JL/Jj sad 1/64 
respectivfiy (nominal)* Tab i for 

effective number of photo—el«utruss 
counted at each setting* 

2* Tim cut off level? a parameter which may 
he 0*1>2 . *♦ ? indicating a Cut ofi 

at ..* 2” off tne maximum 

permis ible intensity (nominal)* See Tab 1 
for further retails. 

\ highly s climatic uiagram of su^e parts of the video 
processor {Fig i ) will illustrate the operation in 
more detail. The variable pulse frequency generator 
at the bottom, of iHe diagram is used to allow 
measurements of intensities differing by more than 
the normal fo4 to 1 dynamic range of the video-processor 
and also allows a reference signal to eliminate the 
effects of light-source intensity variations* The number 
read oy the computer is in effect the ratio of the 
intensity measured oh the photo-cathode and some 
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reference signs! which may oe selected to be the total 
pilotocsthode current. In this ossa a chaste ifl the 
illumination will case an equal change in the two 
factors used in the ratio sod the output of the 
video-processor will be independent of such changes 
(unless they are coo large). 

The variable pulse frequency gertrstor operates by 
selecting as many pulses as needed iron a 5 l£c/s 
pulse source* The eve rags frequency cun ue read on 
a meter which is ^ unc/s full scale. These pulses 
are fad into a 14 bit counter when measurements are 
being taken. 

At the same time the output of the eiectrcn-suitiplier 

is fed into an integrator whose output is attached to 

four comparators * These comparators fire when the 

integrator output reaches a voltage corresponding to 

2 * 2, 2 t 2 - pnotoelectrons through the aperture 

plate (nominally)* These four comparators are used 

for the four different signal to noise ratios * while 
2 ■i 4 

the 2 , 2"\ * * * 2 cits in the time-pulse counter 

are used in tne dim-cut-off decisions. 

i ig f illustrates this in mure detail, iiote that both 
scales are log^ . Trace k shows thh voltage at the 
output of the integrator versus the count in the time 
pulse counter for a very bright point. Ismail crosses 
indicate the times at which the comparators at the 
output of tne integrator fire, bmt.ll boxes indicate 
the times when the flip-flops attached to the various 
bits in the time pulse counter fire* Suppose we had 
ueiacted a sigp^l-tO-hOise ratio 2 and a dim-cut-off 
level p. At point X (when tee appropriate bit comes 
on in tne time pulse counter) a test is made .i^thar 


if L* £l£N'A<- TD &CLP l>/M tilt TfF t-tVe L 













































the voltage in tne integrator speeds the l/bd V leval* 

o 

In uur chss it does and the point is nut dim-cut-off„ 

If we nadi used dial cut off level '/ the test would have 
been made at point S eon the processing stopped,, the 
integrator and tne counter reset end a dim-cut-off 
value returned to the Flf'-b* In our case integration 
would have proceeded up to point Y where tne voltage 
level corresponding to our selected signal to noise 
ratio was reached. 1'ne significant value now is the 
count in tne time yuise counter, hote however that 
to obtain the same output for dnlerent quuices of 
signal to noise ratios we need to divide 

by h for eveiy Increase in signal liu noise ratio of 1* 

So we divide by lb*(if we naa used a signal to noise 
ratio of 1„ integration would nave stopped at 'H and we 
would divide by M ) 

To produce the floating point number r«qua red for 
transmission to the Flf-b the 14- bit binary number is 
moved from the counter to a shift register when the 
selected compare tor has fired* It is then Shifted 
left until a one appears in the most significant 
place (ie, it is normalised) t tbs numb«r of sniffs 
is subtracted from the initial lixpopaat* fhs initial 
exponent is preset by the sslotion of signal-to-noiss 
ratio to simulate the division oy powers of h described 
above. In this way a four uit exponent (,0 to l 1 /^} and 
a six bit mantissa ( 00 to 77# ) is retained* Presently 
exponents larger tnan ii cannot occur* .Vtien the lin/log 
switch on the video-processor is in the lin position 
the right hand hall' word contains Just this floating 
binary number - written together it ranges from O to IjJOO^* 


To facilitate uaing inis nuinbex in the PDP-o it iB 
reproduced in standard format £ia. preceded ly a 2 
and with the feeding bit in the mentlSes) in the 
Left half. 


1 11 57 “f 


O O 11 7 . 1 


£ofi.M, y*f*j {tkitty* x ^ieht) 


cxft^o-T 


This floatIng point number can to l.s rang,® from 
0*!? to 1024.0 (,0-lpQQ in the right half}* 

For many purposes it is more meaningful to *o jck 
with the logarithm of the incident intensity* when 
the iin/log switch is in the log position the 
lest six bits are modified such inat the rignt half 
iB a 10 bit value of LOO^log^I isince the same 
flip-flops are used to supply the left naif word bits* 
these ton are modified and tne left half is now 
meaningless - actuaLly only the Last J bits ar* effected 
so for some purposes it could still ue considered 
a useful value)* The method used to change the value 
to log base 2 is to leave the exponent unchanged 
and to feed the mantissa into a table-look up network 
which finds a thrffe bit correction to be added. This 
correction is always less than or equal to !>, Th* 
relation between the value obtained this way, J, and 
tha value obtained in the left-half with the switch 
in th* Lin poeitioiJjTjiS: 

■p /ro-v f "* i. 

1-2 

Thus 700^ 


corresponds to o4.0 - 





^hen processing is st<*dlbecuu&e of y dim cut offj the JXF 
(2 bit in th* left )lm 11 ' ware) I 3 ae c and. tha value returned 
Co the compute l ie tdht produced froei the ore loaded 
exponent {ie, it varies with ei^al to noise ratio 
and not with dicu-cut-Gi'l level). The value at which 
Che vidi-eacfor will just dim-cut-off an intensity 
Oh the othe^hand varies in just the opposite way and 
the aystem^&oes in fact substitute the appropriate 
number depsndend on the selectad dim-cut-off, further¬ 
more it is possible to obtain occasionally a value 
past tills point because of the statistical nature of 
the aLfinal - is, at the time the dim-cut-off decision 
was made it appeared that tfcie point was bright enough 
(remember that it has only been measured with a Signal 
to noise ratio 0 at this stage) and was Oh more accurate 
measuremeat (ie, this cannot happen waen one is using 
signal to noise ratio Oj found to be darker, ftuch a 

dfi> 

value is a Lao replaced b,y the system*ith the axpct 
value where dim-cut-off should have occured, SJee 
Pig 3 fur a summery of soma of these facts. 

We nave now arrived at a stage rihere we can consider 
some of the mure intricate interactions* Firstly note 
that it is ponsibLe fur the time pulse counter to 
overflow. This will happen when we ore using a very 
low dia-CUf-Off Sitting (0 tor example)^ a high signal¬ 
's u-noisa ratio ( i for ejtaaipre) and are measuring a 
point dark enough to be near dim-cut-off (a value near 
130Qg- Prom Fig3 it can re seen tnat it is for this 
reason that CPL=»5 and D0L=O has mucn the same effect as 
CJT1>5 and £CL=1* This implies that very dark points 
cannot be measured with tile nest Sigrja 1 -to"■ tj 0 iES ratio, 

An overflow will cause both the 2 ana the 1 nit in the 
left half word to be on (actually tne system obtains 


these bits in another I/O Instruction and patches 
them in) . Proceeding with the case GFL=5 and BCJ>0 
we find that values befcwean 120.' and 1500 (approx, 3. 

will cause bath the dim-cut-off and the overflow bits 
to ba oii^ while points even darker then 1500 will be 
caught n r y the dim-cut-off mechanism and have only the 
dim-cut-off bit on- So one can measure to suite extend 
in this range normally inaoceSbiole to the user of' GFL*5 * 

The other condition under which overflow is likely 
to happen is for Gi''L*2 and JiCL^O whore as uescribed 
above it is possible fur a Intensity just below the 
dim-cut-off level to avoid being Caught by it now and 
then because of the noise in this signal yet on 
more accurate measurement cause the Counter to overflow, 
For most purposes an overflow should l& treated just 
like b dim- cut -off, 

'The other extreme condition Is tbo small.*count in 
tne counter- i'his implies Lhut ws nave not measured 
the tins accurately enough (and since it is one or the 
factors in trie ratio,it will contribute to the noise). 
This can only happen when the pulse generator has a 
very low frequency ana ae± ure looking at s very bright 
point ( one almost bright enough to cause an AliiODii 
W-AW5 condition). Also it Is exLremeiy unli^y e^pt 
for the CFL-0 ana Cfc’L-i bases- J L'o deal with this problem 
the count is tested against S for Ci'L^O ano 1£ for 
CFL^l and if less, the integration is not stopped * the 
measurement being taken at n higher signal to noise 
ratio (actually the tests are also applied in the 
GFb-2 and 5 cases* but they should pay off there^ 

if an attempt is made to increment the OFL ps&t 5 an 
overflow will result). 
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It Is well known that photocathodes suffer temporary 

'fatigue' whem large cuiieai densities flow on tkiein f 

ie* with the high voltage applied and high incident 

light. At a somewhat higher current density the 

damage is permanent* damage is probably also possible 

when ho voltages are applied and a higher 

intensity is applied to the photoCathode (V). The 

effect is thought to oe thermal and occurs between 1 

and 1C mA/ cm*** For our vidifsectorr the maximum safest 

cmrent is conaidecisP to bee^n/ca ( about fox 

the whole photocathode when evenly illuminated). A 

further source of problems emoists in the electronmultipl. 

where too high a gain may damage the last few dynodes, 

when many electrons travel through the aperture. T’o 

protect against both of these misadventures the output 

of the elechromnuitiplier (ie* the signal fed into 

the integrator) Is monitored and the high volfcege supply 

is tripped out ( AifO-Diii vi'ARfl light comae on) when a current 

2 

flows which nominally corresponds to 2^A/cm . Naturally 
this will only protect the whole photecathode if one scans 
all points on it.(Presently there excist some raisedjustraents 
in the system indicating that either the AWD]>E tfAEfo" 
circuit tripe out too ■early or the gain of the chain 
Photomultiplier - integrator Is too low* This may indicate 
that the effective number of electrons- counted at 
a given signaL-to~noiss ratio is. wrong* Thus affecting 
the measured signal to noise ratio somewhat (the discrepancy 
is not; large here)). 


DISTORT I QWk) 


Tbs X arid ¥ deflection -/slues ( O-dQOOQ^ ) supplied 
by the Pl>fu*b are fed into twu Id bit LAC converters 
which drive voltage to current convertors* These in 
turn drive a current whica may os Several amperes 
through the horizontal and vertical deflection calls* 
This Current is .measured by small series realtors 
and fed back to allow an accurate relation Between 
the voltage and the current* Because of coupling between, 
the coils find a magnetic shield surrounding them 
their response is rather :*1 ow* 


Presently t he sett ling 



and this time Is allowed to eLapse before the integrator 
and the time pulse eouatei are started* 

The static focus coil carries an adjustable current 

Sun allows the formation of a 
sharp image on the aperture plate* Because of what 
one might Call curvature of field,accurate ficus -does 
not obtain when X and ¥ deflection currents are applied* 
Reasonably accurate focus can be restored if a small (—'►O 
additional focus current proportional to + i d is 
applied. This ±s termed dynamic focusing. The interaction 
of all of these field and geometric inaccuracies produces 
distortions in the image which are considerably larger 
than those found in a typical optical imaging system* 

firstly one would exoect sums radial distortion 
proportional tu f t (pin-cushion or dr dm distort ion). 



optical system e^tiivalaiiL} will oe found* diome errors 
will depend on X and Y only. 

A progran qbs been written to measure the positi-n 
in address-space of s 10* by 10. grid of points 
projected on the photocathode. The above errors 
are present end account for perhaps half of the 
distortion - the rest is highly une.ymmatrioal and 
cannot he So easily explained and parameterized. 

For this reason a 10* by 10. matrix of X and I 
values in address space of these points is stored 
on FSR; and can ha used in interpolation* Else Fig ¥ 
for a graphic demonstration of these distortions. 

Also Figgis a orbgram using tnese tables, 

'i'he photocathode has s non-uniform sensitivity * 
aside from vary local phenomena such as Beeler's 
craters (about 25 areas of auout 0*5 huh diameter 
with less than hill" the normal sensitivity) * Aaide 
from very small variations ovyr trie order of a f«w 
ram's this non-uniforfflity varies ammoinly and can 
thus easily oe incorporated in the ooove 10* by 10. 
Interpolation subroutine. fig* 7 for a 

contour map of the sensitivity of the phutocathode 
alone Lmeasured by cLosing the j.ris lo 20 mm 
di&asWr, removing the lens, placing a piece of 
tracing paper in front of the iris ana producing a 
more or lass uniform illumination of tnia tracing 
paper by placing a large white sheet in front of the 
i'hie map correlates wall witn me ns ure meats 
made in other ways with the lens on and the iris closed 
down. Mth the iris fuily open, a large number of 
overlapping constrictions cause serious vignetting 
and a rapid drop of in system sensitivity towards 
the udgo of the field of view (see Fig $) 
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Fig 5" canta ins the interpolation formula found 

when fitting a function a #p +t,,x+ 

to the values st the four corner?; of a litule 

elemental square in the grid * She photocatnode 

Space is measured in □im^s from the approximate centre 

of the phot oca t h od o * 5f is measured down to allow 

a right osnded system with Z pointing towards the 

Scene from the E)fi£* The orientation as shown is 

that which would appear on the monitor (hence 

inverted in both 'A and Y as Car as the bad. tho 

photdeathode is concerned). Convolutions with 

larger support {rathei then the 4 points chosen hera) 

Could be used, but little extra accuracy can be expected* 

iilao available is s least squares linear approximation 
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in fact Fig ¥ showing the distortion is «rt coordinates 
found in this way* 
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LIST OF BEELER'S CftATKB$ OM HEW 7IDI5SECTOR fllUTHCATHODE 


X Y Size (mm) 


r Volume f {arbltr *vy scale) 


1 

6370 

13420 

.33 


.16 

2 

8700 

12830 

.25 


.09 

3 

9000 

12280 

.25 


.10 

4 

11080 

12200 

.25 

by .40 

.00 

5 

10460 

11900 

.25 

by .33 

.10 

6 

12270 

11700 

.28 


.13 

7 

10570 

11520 

.17 


.09 

3 

10080 

11110 

*18 


.10 

9 

3770 

9350 

*35 


.14 

10 

6700 

9280 

*12 

by *33 

*11 

11 

11720 

89-40 

*12 


.09 

12 

5620 

3800 

*17 


*10 

13 

13580 

7930 

.50 


*70 

14 

5230 

7730 

.12 

by *40 

*10 

15 

6560 

7350 

.08 

by *20 

*07 

L6 

■9900 

6 B?0 

.33 


*08 

17 

12460 

6570 

,33 


*09 

IS 

9060 

6460 

.25 


.03 

19 

9030 

5760 

.08 

by *25 

*10 

20 

4040 

5630 

.16 

by .40 

*08 

21 

5620 

4920 

.16 

by .40 

*08 

22 

4930 

4320 

.16 

by .85 

*16 



THE OLD VIDISSECTOR: 


The old vidissector can be accessed through the video¬ 
processor much the same way as the new one. Leyor 
differences excist in noise levels: 

CFL Noise (v8ri«nce)/signal(average) 




OLD 

0 

.11 

.25 

1 

.054 

.13 

2 

.028 

.068 

3 

.016 

.056 


There also excist ^number of interactions in the wiring 
causing both measured intensity and noise to vary with 
the state of other electrical equipment near by. 

The lens is a Canon Fl-3 Zoom lens ( [5 mm • 1*3.0 mm) 
(which seems to have too small a field of view for the 
photocathode).The zoom and focus servo data can be 


found in the 

following table: 


Function Input 

Output 

Limits 

Zoom 

25 

65 

2015. - 4000 

Focus 

26 

64 

850. - 4000 


Because of the noisyness of the Monitor-display it 
was not possible to set up experiments to measure 
the parameters found for the new vidissector. 

The iens is connected to a 1.6 times expander which 
changes is field of view to tue required 26 mm, its 
f-number to 2.OB (nominally) and its focal length to 

1* mm - in UllL . 
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